.. kinetic competition between crystal nucleation and glass formation in the deeply undercooked liquid state. To achieve a deeply undercooked liquid state, high-temperature high-vacuum electrostatic levitation has been developed as a containerless process which eliminates the need for a melt containment vessel that often initiates heterogeneous nucleation. The electrostatic levitator affords virtually unlimited processing times allowing long thermal treatments and adequate time for thermophysical property measurements. Recently, the undercooked melt of a Zr-Ti-Cu-Ni-Be alloy has been found to exhibit extremely high thermal stability. Containerless electrostatic levitation processing was applied in the present investigation to further study the undercooking behavior of the liquid alloy. Information obtained from the present analysis has been coupled with the results from an earlier study of the glass forming ability of this alloy to provide a clearer understanding of the necessary conditions for glass formation (e.g., critical cooling rate) as well as proper thermal treatment of the melt required to suppress heterogeneous nucleation of crystals.
Alloy ingots with the nominal composition Zr41 .2Ti13.8Cu 12.5Ni 10.0Be22.5
were prepared from a mixture of elements of purity ranging from 99.5% to 99.9% by induction melting on a water cooled silver boat under a Ti-gettered argon gas atmosphere. having a typical weight of 20 -80 mg. These small pieces were remelted under a 1 mPa vacuum in a radio frequency field (-2100 KHz) to produce spherical specimens. The spheres were then placed into the high-temperature high-vacuum electrostatic levitator (HTHVESL) developed at JPL ( Jet Propulsion Laboratory)7, Prior to processing, the HTHVESL was evacuated to an ultimate vacuum of 6.7x10-3 mPa, Sample heating was provided by a 1 kW UV-rich high pressure xenon arc lamp (ILC, model LX 1000CF). During the melting and solidification process, the sample temperature was measured using an E2T pyrometer (model 7000ET-lHR) coupled to a readout unit (model E2T-B) with a nominal sensitivity range of 588 K to 1923 K. The pyrometer measures the radiance of the sample at 4 micrometers (nominally) and has an adjustable emissivity setting for computing the sample temperature from the measured radiance, The emissivity setting was held constant throughout the experiments and initially set such that the pyrometer read a known Iiquidus temperature ( in this particular alloy, T1 = 993 K) just after melting. As long as the sample remains liquid, the error introduced into the temperature measurement as a result of varying sample emissivity is estimated from the Hagen-Rubens emissivity relation to be less than 2% over the measured range9. The emissivity of the sample can change more substantially, however, upon solidification due to changes in the sample's electrical resisitivity and surface roughness. The temperature measured during and after crystallization, therefore, is not accurate, The processed samples were analyzed with xray diffraction (XRD) using an Inel position sensitive detector with Co Kcxradiation ( %= 0.1790 rim). A Perkin-Elmer DSC 4 scanning calorimeter interfaced to a personal computer for data processing and analysis was used for thermal analysis.
An example of the undercooking behavior observed during solidification is shown in Fig. 1 for a 13.5 mg sample of Zr41 .2Ti13.8Cu12.5Ni ]OoOBe22.5. The appearance of recalescence due to crystallization during cooling is indicated in cooling curves A and B.
Due to the high vacuum condition during processing, the cooling was purely radiative and temperature, Tg, thus forming a glassy alloy. It should be noted also that the process of solidification was carried out under high vacuum conditions (9.3x10-2 mPa ) to minimize the deposition of impurities on the surface of the sample.
An optical micrograph of a typical glassy sample is shown in Fig. 4 . Exceptional smoothness and no crystallinity were observed at the surface of sample. The surface topology was analyzed using atomic force microscope (AFM) indicating that the surface smoothness was about * 5 nm with the typical variation occurring over micrometer length scales.lo
Of practical importance is the critical cooling rate for amorphous phase formation. 
